Assessing the relative importance of geographic and environmental factors to the spatial 13 distribution of genetic variation can provide relevant information about the underlying processes 14 that cause and maintain genetic variation in natural populations. With a globally wide but very 15 restricted habitat distribution, mangrove trees are an interesting model for studies aiming to 16 understand the contributions of these factors. Mangroves occur in a narrow range on the 17 continent-ocean interface of tropical and subtropical latitudes, regions considered inhospitable to 18 many other plant types. We employed landscape genomics approaches to investigate the relative 19 contributions of geographic and environmental variables to the genetic structures of two 20 mangrove species, Avicennia schaueriana and A. germinans, along the Brazilian coast. Using 21 neutral and putative non-neutral single nucleotide polymorphisms (SNPs), we observed 22 significant correlations between the genetic structure and geographical distance, air and sea 23 surface temperatures, solar radiation and tidal variation for both species. In addition, we found 24 that the South Equatorial Current (SEC) acts as a barrier to gene flow among A. schaueriana 25 populations. These results increase our knowledge about the evolution of mangrove trees and 26 354
Losos, 2013). For example, under an Isolation By Distance (IBD) model (Wright, 1943) , 37 geographic distance may limit the dispersion and reproductive material of organisms, leading to 38 the accumulation of allele frequency divergences by genetic drift (Bradburd, Ralph, & Coop, 39 2013 ). Furthermore, under the Isolation By Barrier (IBB) model, a barrier to gene flow may 40 abruptly reduce or even disrupt connectivity between individuals of a species (Barton, 1979) . In 41 addition to these models, landscape components may exert divergent selective pressures on 42 individuals, leading to the evolution of locally adapted populations (Bradburd et al., 2013), a 43 phenomenon described by the Isolation By Environment (IBE) model (Wang & Bradburd, 2014) . 44
These standards, IBD, IBB, and IBE, are not usually mutually exclusive and often co-45 occur in nature (Sexton, Hangartner, & Hoffmann, 2014 ; Wang et al., 2013) . Determining the 46 contribution of each model to the distribution patterns of genetic variation across space can 47 provide relevant information about the underlying processes that cause and maintain genetic 48 variation in natural populations (Lee & Mitchell-Olds, 2011; Wang & Bradburd, 2014) . This 49 knowledge is also essential to predict future responses of current populations to environmental 50 changes (Vincent, Dionne has been increasingly applied to the study of non-model organisms (Storfer, Patton, & Fraik, 56 2018 ). Nevertheless, most landscape genomic studies are limited to animal species, with few 57 such studies on tropical plant species (Storfer, Murphy, Spear, Holderegger, & Waits, 2010) and 58 coastal species such as mangroves, in which adaptive convergences act to allow survival in an 59 environment considered hostile to several other types of plants (Tomlinson, 1986) . 60
Mangrove trees occur in a narrow strip on the continent-ocean interface (Tomlinson, 61 1986 (Lumpkin & Johnson, 2013) . 87
The split of the SEC is concordant with the remarkable genetic divergence observed among the 88 northern and southern populations of mangrove trees along the Brazilian coast. Estimation of genetic distances 124 genetic divergence, we evaluated which of the models -isolation by distance (IBD), isolation by 126 barrier (IBB) or isolation by environment (IBE) -best describes the genetic diversity of each 127 species based on the SNP markers. For this, we estimated the genetic differentiation (Wright's 128 FST) between pairs of sampling sites (Wright, 1949) for the total set of SNP molecular markers 129 and the set of SNP markers with evidence of selection, using the Hierfstat package for R 130 (Goudet, 2005) . 131 132
Estimation of geographic distances 133
Pairwise geographic distances between populations were measured using the geographic 134 coordinates of the sampling sites (Table 1) 
Associative tests 165
To test which model best explained our genetic data (both neutral and putatively non-166 neutral), we performed Multiple Matrix Regression with Randomization (MMRR). This method 167 was employed to estimate the independent effect of each factor (geographic or environmental 168 variable) and has been shown to be robust toward a wide range of dispersal rates (Wang, 2013) . 169
The analysis was performed using the MMRR function in R with 10,000 permutations. The variables for the total set of SNPs revealed a strong correlation between geographic and 206 environmental distances (R² = 0.82; P < 0.001) (Fig. 6A ). The geographic distances between 207 pairs of sampling sites played the greatest role in the describing genetic distances (R²: 0.81, P < 208 0.001) ( Fig. 6B ), but environmental distance also contributed significantly to genetic distance (R² 209 = 0.56, P < 0.001) ( Fig. 6C ). When the tests were performed separately for sampling locations 210 above and below the SEC, we found significant correlations only for sampling locations below 211 the SEC between genetic and geographic distances (R² = 0.81; P < 0.001) and between genetic 212 and environmental distances (R² = 0.40; P = 0.05). In relation to genetic distance, multiple 213 regression combining the effects of geographic and environmental distances provided a 214 significantly better fit (R² = 0.84; P = 0.0007) than multiple regressing including only one effect. 215
The variable that best explained the genetic differentiation observed in A. schaueriana was the 216 presence or absence of the oceanographic barrier (R² = 0.92, P = 0.005). 217
For A. germinans, the correlation between geographic and environmental distances was 218 significant (R² = 0.63; P < 0.001) ( Fig. 6D) but was less pronounced than the correlation for A. 219 schaueriana, probably due to the smaller number of sampling locations for the former specie 220 than the latter specie. Geographic (R² = 0.61; P < 0.05) ( Fig. 6E ) and environmental (R² = 0.42; 221 P < 0.05) (Fig. 6F ) distances played significant roles in the genetic differentiation between A. 222 germinans sampling sites. However, when we removed the samples from Tamandaré -PE, which 223 is located below the SEC, the genetic divergence was not correlated with either the geographic 224 distance (R² = 0.006; P = 0.97) or the environmental distance (R² = 0.014; P = 0.70). Multiple 225 regressions combining the geographic and environmental distances showed a significant 226 correlation (R² = 0.63; P = 0.05) with genetic differentiation, but this correlation was smaller 227 than the correlations observed separately for geographic and genetic divergences. The presence 228 or absence of the oceanic barrier did not explain the genetic divergence among A. germinans 229 sampling locations (R² = 0.91; P = 0.15), probably because only one location below the SEC was 230 sampled. 231
We identified a significant environmental contribution to the genetic differentiation based 232 on the presumably non-neutral SNPs for both species. This contribution was more pronounced 233 for A. schaueriana (R² = 0.55; P < 0.001) than for A. germinans (R² = 0.38; P = 0.05 0.15). 234
When we analyzed each environmental variable separately, we found significant correlations of 235 non-neutral genetic differentiation among A. schaueriana sampling locations with tidal 236 amplitude cycles, air and ocean surface temperature variations, water vapor pressure, solar 237 germinans was significantly correlated with solar radiation and temperature variables (Table 2) investigations about the dynamics of these currents, not as a static barrier but including different 293 levels of resistance to gene flow, may provide more accurate information about their influence 294 on the distribution of genetic variation of species dispersed by sea currents. 295
We also identified an isolation by environment (IBE) pattern in the structure of the 296 genetic diversity of A. schaueriana and A. germinans that was driven mainly by temperature, 297 radiation and tidal variations along the Brazilian coast. Under the IBE pattern, genetic 298 differentiation increases in response to environmental differences, regardless of geographic 299 distance, and can be generated by a variety of ecological processes, such as selection against 300 immigrants, which implies local adaptation to heterogeneous environments (Wang & Bradburd, 301 2014 variables contribute to these results. For A. schaueriana, we found that genetic variation with 308 evidence of selection is correlated with spatial variations in the tidal range regimes, air and ocean 309 surface temperature, water vapor pressure, solar radiation, and precipitation (Table 2) Conversely, for A. germinans, we found correlations between the non-neutral genetic 314 differentiation with variations in solar radiation and temperature patterns ( Table 2 ). The results 315 that we observed for both species corroborate other studies that found precipitation and air and 316 Our results provide strong evidence that IBD and IBE contributed to the evolution of 327 spatial genetic divergence within two Avicennia neotropical species on the Atlantic coast of 328 be attributed to IBD. The patterns of genetic divergence were also correlated with variations in 330 the atmospheric temperature, solar radiation and tidal range for both species. In addition, we 331 observed significant correlations with the latitudinal gradient of precipitation and sea surface 332 temperature for A. schaueriana, suggesting that IBE also influences the genetic structure of both 333 species. The SEC bifurcation of the Brazilian coast acts as a barrier to gene flow among A. 334 schaueriana populations, but we suggest that the SEC speed and direction may be important 335 factors that shape the genetic structure of populations, which requires further investigation. 336
Overall, we provide insights into the relative contributions of environmental and geographic 337 variables that influence the processes maintaining the distribution of genetic diversity within A. 
